Origin
'NuMex Serenade' originates from 'NuMex Starlite' (Fig. 1) , which was a cultivar released by the New Mexico State Univ. onion breeding program in 1990 (Corgan and Holland, 1990) . In 1990, a selection of bolting-resistant bulbs was made from a seed-toseed production cage of 'NuMex Starlite' in which 90% of the plants in the crossing cage had bolted. These bolting-resistant bulbs were placed together in a crossing cage that was numbered 91-23. Seed from this crossing cage was harvested and sown in 1991. Two additional selections were made using phenotypic recurrent selection. Bulbs were selected for increased bulb firmness, increased bolting resistance, a more round bulb shape, increased pink root [causal organism, Phoma terrestris (Hansen)] resistance, and for the visual appearance of a single vegetative meristem. The fields, used for onion bulb production, have been used for the last few decades and may have higher incidence levels of pink root as compared with farmers' fields. The bulbs from the second selection cycle were placed in a crossing cage that was numbered 95-9. Seed from this crossing cage was harvested and sown in 1995.
In 1991, bulbs from 'NuMex Starlite' were self-pollinated and seed from those self-pollinations were sown. The next year, individual bulbs from these self-pollinations were selected for their increased bulb firmness, increased bolting resistance, and later bulb maturity when compared with 'NuMex Starlite'. The selected bulbs were placed together in a crossing cage that was numbered 93-20. Seed was harvested from this cage and sown in 1993. The next year, bulbs were selected for increased bulb firmness, increased bolting resistance, and for the visual appearance of a single vegetative meristem. The selected bulbs were placed in a crossing cage that was numbered 95-10. Seed from this crossing cage was harvested and sown in 1995.
In 1996, bulbs were selected from the 95-9 and 95-10 populations. The selection criteria used were increased bolting resistance, increased bulb firmness, a more round bulb shape, and improved dry outer scale qualities. After 3 months of storage, bulbs were cut transversely at the vertical center to observe the number of growing points within the center of the bulb. Only those bulbs that possessed a single growing point in the center of the bulb were selected. This selection pressure was used because onion cultivars that produce a high percentage of singlecentered bulbs are desired by onion ring processors and their suppliers. Selected bulbs from both populations were placed in a crossing cage that was numbered 97-10. Seed from this crossing cage was harvested and sown in 1997. Bulbs were selected from this population using the same criteria as used for the previous selection. After bulbs were cut transversely, they were separated into two groups: those bulbs that possessed a single growing point (single-centered) and those bulbs that possessed two growing points. From those bulbs that possessed two growing points, only bulbs in which the two growing points occupied an internal diameter of 2.5 cm or less were retained, whereas the other bulbs were discarded. The two bulb selections were placed in a single crossing cage as separate entries that were numbered 99-18-1 for the single-centered bulb selection and 99-18-2 for the double-centered bulb selection. Within the single crossing cage, the two entries were allowed to intercross. Seed was harvested from each entry, kept separate, and sown in 1999. Four additional phenotypic recurrent selections were conducted in 2000, 2002, 2004 , and 2007 on both breeding lines using the selection criteria mentioned previously except for the selection of singlecentered bulbs. A single-centered bulb selection was made for each breeding line at each selection cycle. Any multiple-centered bulbs were discarded from the respective bulb selection. Bulbs that were selected from the populations, 05-18-1 and 05-18-2 were placed in a crossing cage as separate entries. The two entries were numbered 08-18-1 and 08-18-2, respectively. The next year, seed was harvested from both entries and seed harvested from 08-18-1 became 'NuMex Serenade'.
Evaluation Procedures
For the past 3 years, 'NuMex Serenade' has been compared with 'NuMex Starlite' in replicated trials grown in several field plots (Table 1) . Seeds were sown %1 to 2 cm deep in two rows 6 cm apart from mid-September to early October depending on field location and year (Table 1 ). An early sowing date in September often results in a higher bolting percentage than a late September or early October sowing (Cramer, 2003) . For each two-row plot, 1.5 g of seed was sown and plants were thinned to 10 cm between plants within the row. Each plot was 2.4 m long and 1 m wide and separated by an alley of 0.6 m from the next plot on the same bed. The trials were conducted in randomized complete block designs with four replications. Standard cultural practices were followed to produce fall-sown onions in southern New Mexico (Walker et al., 2009 ). For Fields 1, 2, 4, 6, and 7, diammonium phosphate (18N-20P-0K; Helena Chemical Co., Collierville, TN) was applied at a rate of 170 kgÁha -1 before seeding as a band 10 cm below the soil surface. Fields 1 and 2 were surfaceirrigated, whereas the other five fields were drip-irrigated. Subsurface drip irrigation lines (T Tape; T-Systems International, San Diego, CA), that had emitters every 20 cm, were placed 10 cm deep in the center of each bed. Irrigation was applied as needed. A urea-based liquid fertilizer (26N-0P-0K-6S; Western Blend, Inc., Las Cruces, NM) was applied as needed to Fields 1, 2, 4, 6, and 7, whereas a fish fertilizer (2.2N-4.4P-0.3K-0.2S; Neptune's Harvest Fertilizer, Gloucester, MA) was applied as needed to Fields 3, 5, and 7.
All plots were harvested when 80% of the plants in the plot had lodged. The harvest date was considered the maturity date, and the days from sowing until harvest were counted for each plot. The number of plants that producing seed stalks was counted for each plot. The seed stalk percentage, a measure of bolting, was calculated by dividing the number of plants with seed stalks by the total plant number per plot. These fields have been used for onion production for the last few decades and may have higher levels of disease-causing, pathogen inoculum as compared with farmers' fields. Two onion diseases that are present at high levels in our evaluation fields are pink root and fusarium basal rot (FBR) [causal agent, Fusarium oxysporum f. sp. cepae (H.N. Hans.) W.C. Snyder & H.N. Hans]. Replicated variety trials over the past 10 to 12 years have evaluated germplasm for their resistance/ tolerance to the pathogens that cause these two diseases (Cramer, 2001; Cramer and Muhyi, 2002; Cramer et al., 1998 Cramer et al., , 2000 Cramer et al., , 2001 Cramer et al., , 2002 Saxena and Cramer, 2008) . In addition, our research program has focused on developing FBR resistance in onions and obtaining a better understanding of the disease (Cramer, 2000 (Cramer, , 2006 Cramer and Gutierrez, 2005; Gutierrez et al., 2006; Lopez, 2003; Lopez and Cramer, 2001 , 2002 , 2004 Saxena, 2007) . In our research and breeding efforts, we have been able to increase the FBR resistance level of onion cultivars released from the program (Cramer and Corgan, 2003) .
Immediately after harvest, the total bulb number was determined and 20 arbitrarily selected bulbs per plot were rated for pink root severity using a subjective rating of 1 (no pink root) to 9 (heavily infected roots). The percent incidence of pink root disease was calculated by counting bulbs having a rating of more than 1 and divided it by 20. Later, bulb tops and roots were clipped, and the basal plate of 20 randomly selected bulbs was cut transversely to observe fusarium basal plate rot severity and incidence as described by Lopez (2003) . For the first 2 years of testing, bulbs were cut 4 d after harvest. For the last year, bulbs were cut 4 weeks after harvest.
After harvest, bulbs were placed in mesh sacks and, on the same day, transferred indoors to an onion shed. Bulbs were cured for 3 to 4 d under ambient conditions to reduce storage losses and decay. After curing, the total bulb fresh weight was measured for each plot. Bulbs were graded to remove culls (diseased bulbs, bulbs under 3.8 cm in diameter, split-and double bulbs). The number of culls was subtracted from the total bulb number to obtain the marketable bulb number per plot. After bulbs were graded, they were weighed again to obtain marketable bulb weight per plot. The marketable yield percentage was calculated by dividing the marketable bulb weight per plot by the total weight per plot. The average bulb weight was calculated by dividing marketable bulb weight by marketable bulb number. To determine bulb firmness, 20 bulbs from each plot were squeezed by hand at two separate + ** ** z A plot was considered mature when 80% of the tops were down and was harvested at that time. DAS = days after sowing. y Bulbs were rated on a scale of 1 (soft) to 9 (hard) when they were squeezed by hand at two separate points at the vertical center. For the first 2 years of testing, bulbs were rated 4 d after harvest. For the last year, bulbs were rated 4 weeks after harvest. x The percentage of bulbs with single centers (single growing points) was determined by cutting each bulb transversely at the vertical center and measuring the number of growing points that extended 1.3 cm beyond the bulb's center. For the first 2 years of testing, bulbs were cut 4 d after harvest. For the last year, bulbs were cut 4 weeks after harvest. w Conventional vegetable cultural practices were used in Fields 1, 2, 4, 6, and 7, whereas organic practices were used in Fields 3 and 5. Drip irrigation was used in Fields 3, 4, 5, 6, and 7, whereas furrow flood irrigation was used in Fields 1 and 2. In the 2006-2007 and 2007-2008 test years, 'NuMex Serenade' was tested as NMSU 05-18-1, whereas in the 2008-2009 test year, 'NuMex Serenade' was tested as NMSU 08-18-1.
NS, + , *, **, ***Nonsignificant at P = 0.10, significant at P = 0.10, significant at P = 0.05, significant at P = 0.01, and significant at P = 0.001, respectively. Test was conducted at a = 0.05.
